January 04, 2018

Calculus Warm Up #3-4

Use the fundamental theorem to find the
area between f(x) and the x-axis on [0, 2]

f(x) = 2x%- 3x + 2

HW Questions, p. 267
In Exercises 1-24, evaluate the definite integral.
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In Exercises 25—30, determine the area of the indicated

region. . S (e >0Q><

25. y=x — x?
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5.4 -The Fundamental Theorem of Calculus ./
-The Mean Value Theorem for Integrals

-Average value of a function on an interval

-The Second Fundamental Theorem of Calculus
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The Fundamental Theorem of Calculus

Essentially: Differentiation and Definite
Integration are inverse operations.

If fis continuous on [a, b], and F'(x) = f(x)

b
f(x) dx = F(b) - F(a)

a

The Mean Value Theorem for Integrals

Somewhere on [a, b] there is an x-value,
c, where the area of the rectangle:

A = (Height)(Width) =T
A= (f(c))(b - a) =
Is exactly equal to the area T L
under the curve. a ¢ b

Mean Value Rectangle

MVT for Integrals is an Existence Theorem

If f is continuous on [a, b], then there exists an x-value,
c, in the interval such that: b

(f(c))(b - a) = J f(x) dx
Ares. W — ?Vm Bt
ﬂ)%m - Canve
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b

((c))(b - a) = J f(x) dx

a

MVT for Integrals:

The value of f(c), given in the Mean Value Theorem for Integrals, is
called the average value of f on the interval [a, b].

Definition of the Average Value (outcome) of a
Function on an interval.

If f(x) is integrable on [a, b], then
f(c) = average value

b

f(c) = bL Jf(x) dx

Find the average value of f(x) on [1, 4]

b
f(x) = 3x?- 2x f(c) = 1 J f(x) dx
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Developing p. 265
The Second Fundamental Theorem of Calculus

When we defined the definite integral of f on the interval [a, b], we used the
constant b as the upper limit of integration and x as the variable of integration.
We now look at a slightly different situation in which the variable x is used
as the upper limit of integration. To avoid the confusion of using x in two
different ways, we temporarily switch to using 7 as the variable of integration.
(Remember that the definite integral is not a function of its variable of inte-
gration. Moreover, any variable can be used.)

The definite integral The definite integral
as a number as a function of x
C " rWli i f L fxl
onstant “ 1S a tunction of x
Cor [ is a function of <
b X
J f(x) dx
a

(.‘nnxlunﬁ

The definite Integral as a function:

X Evaluatex:

F(x) = af(t) dt Foo = | (3-3t2) dt
0
— E>t _ t?) s
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The Second Fundamental Theorem of Calculus

Fomalizing the idea that differentiation
and integration are inverse operations.

f(x) = d_de f(t) dt

a

EXAMPLE 6 Applying the Second Fundamental Theorem of Calculus

Evaluate

‘Z ;‘Vt2+1dt. SEhn Xzﬁ/l
(

HW: p. 267 # 27 - 51 odd
(skip 41)
HW Quiz Friday:

pgs. 238, 248, 249, 258, and
trapezoids p. 287 / midpoints p. 250
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HEOREM 5.10 ‘1. If f is integrable and nonnegative on the closed interval [a, b], then
PRESERVATION OF INEQUALITY :
0= f F) dx.

2. If f and g are integrable on the closed interval [a, b] and f(x) = g(x) for every
x in [a, b], then

b b
J;f(x)d’r SL g(x) dx.

In Exercises 31-34, find the area of the region bounded
by the graphs of the given equations.

B.y=x+xx=2y=0

In Exercises 35-38, find the values of ¢ guaranteed by
the Mean Value Theorem for Integrals for the given func-
tion over the specified interval.

Function Interval

37. f(x) = —x> + 4x [0, 3]
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In Exercises 39—42, sketch the graph of the given func-
tion over the specified interval. Find the average value
of the function over the interval and all values of x where

the function equals its average value.

Function Interval

4. f@=x-2Vx [0,4]

In Exercises 43—48, (a) integrate to find F as a function
of x and (b) demonstrate the Second Fundamental Theo-
rem of Calculus by differentiating the result of part (a).

ﬁmm=ﬁ%m

In Exercises 49—52, use the Second Fundamental
Theorem of Calculus to find F'(x).

X

49. F(x) = J (12 = 2t + 5) dt

53. The volume V in liters of air in the lungs during a 5-
second respiratory cycle is approximated by the model

V = 0.17291 + 0.15222 — 0.03747°

where ¢ is the time in seconds. Approximate the average
volume of air in the lungs during one cycle.
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In Exercises 25—30, determine the area of the indicated
region.

29. y = V2x




